Abstract-Biochar production from agricultural wastes via low temperature microwave pyrolysis is discussed in the present work as an alternative to the time and energy consuming conventional carbonization. The characteristics of biochar produced from palm kernel shell (PKC), wood chips (WCC) and sago waste (SWC) produced from microwave pyrolysis were investigated. The maximum calorific value of PKC, WCC and SWC in this study was 29.04, 24.89 and 25.99 MJ/kg respectively. FTIR analysis reveals that the biochars contain O-H, C-H and C=C functional groups, while the SEM analysis showed the formation of porous structure of biochars carbonized at lower temperature for all samples. Results indicated the potential use of these biochar as fuel material and precursor for activated carbon.
INTRODUCTION
Biochar is a light and highly porous carbonaceous material derived from thermochemical decomposition of biomass. In the past decade, there has been an increasing attention in biochar related research due to its versatile applications. The most significant benefit of biochar perhaps is its use in carbon sequestration and as soil amendment agent [1] , [2] . Biochar can also be utilized as feedstock for many processes, depending on its physicochemical characteristics. For example, biochar with low ash content can be used as fuel material [3] , [4] , either alone or together with other types of fuel. Biochar is also potential feedstock for the production of activated carbon [5] , [6] , catalysts [7] , carbon nano-filaments [8] and hydrogasification [9] .
Biochar is conventionally produced through high temperature carbonization via electrical, external heating. This process is usually time and energy consuming. Microwave pyrolysis is preferred for it is a time, cost and energy saving means for biochar production [10] - [12] . In this study, the main objective was to produce biochar from agricultural wastes namely palm kernel shell (PK), wood chips (WC) and sago waste (SW) via microwave pyrolysis. The physicochemical characteristics of the resulting biochar was examined to evaluate its potential applications.
II. MATERIALS AND METHOD

A. Materials
The agricultural wastes samples used in this study were palm kernel shell (PK), wood chips (WC) and sago wastes (SW) obtained from Sarawak, Malaysia. All samples were sun dried to remove moisture, ground by laboratory grinder (Retsch SM100) and sieved. Particles that passed through 1 mm sieve were further used for the characterization and microwave pyrolysis experiment. 
B. Microwave Pyrolysis
The agricultural wastes samples were dried and pyrolyzed in a single process using a modified household microwave oven with input power 1000 W and frequency of 2450 MHz (SHARP Convection Microwave oven R-958A). The experiments were carried out by charring 10 g of samples in a quartz flask, which was placed inside the microwave oven. Nitrogen gas with the flow rate of 500 ml/min was purged into the quartz flask for 30 min prior to the experiment, and reduced to 100 ml/min during pyrolysis.
The effect of pyrolysis heating time on biochar characteristics was investigated. Both PK and WC sample was pyrolyzed at 3, 5, 7 and 10 min heating time while SW at 2, 3 and 4 min heating time due to its fast thermal degradability [13] . The temperature of the sample (Table  1 ) during experiments was monitored using infrared camera (Model: Therma CAM P65). The temperature achieved during the microwave pyrolysis was considerably lower (245-390 °C) compared to conventional carbonization (500-1000 °C).
III. RESULTS AND DISCUSSION
A. Ultimate Analysis
The composition of biochar in wt% of carbon, hydrogen, nitrogen and oxygen is shown in The high carbon content in SWC might be attributed from the maximum temperature obtained during the pyrolysis process. Similarly, previous study has also reported the increase of carbon content in biochar at elevated pyrolysis temperature [14] . High carbon content indicates the presence of a highly aromatic organic fraction of biochar, in which nitrogen and oxygen content decreasing as compared to the raw samples [15] .
Hydrogen contents for PKC and WCC remained constant at ~4 wt%. This result is in contrast with the finding Khor et al. [16] where hydrogen content decreased because of dehydrogenation reactions at elevated pyrolysis temperature. The difference might be due to the low pyrolysis temperature in the present study which was insufficient for dehydrogenation reactions to occur.
However, the hydrogen content of SWC was found decreasing at elevated heating time ranged from 4.19 to 1.52 wt% which is consistent with the finding of previously mentioned study [16] . Nitrogen contents for all biochars are significantly low (<1 wt%) than those in raw samples implying the biochar is potential solid fuel with low NO x emission. The H/C and O/C ratio of all biochar was found decreased continuously with heating time, indicates a loss of hydrogen and oxygen and a gradual enrichment of biochar with carbon [17] .
B. Calorific Value
The calorific value of the raw material and biochar obtained at different heating time is presented in Table 3 . Results showed that PK has the highest (19.54 MJ/kg) and SW has the lowest (17.25 MJ/kg) calorific value among the samples. After pyrolysis, the calorific value of biochars was found relatively higher compared to the calorific value of raw material. PKC gave the highest calorific value at 29.04 MJ/kg after 10 min heating time followed by SWC at 25.99 MJ/kg after 4 min and WCC at 24.89 MJ/kg after 10 min. These results can be related to the carbon content as summarized in Table 1 where high carbon content gives high calorific value of biochar. Calorific values of PKC, WCC and SWC obtained in this work is comparable with the calorific value of biochar obtained from conventional pyrolysis of oil palm fruit fibre [16] despite of the lower temperature and less heating time conducted in the present study. This result suggests that microwave pyrolysis is able to produce comparable calorific value of biochar in a short heating time compared to conventional pyrolysis which required longer heating time. The calorific value obtain in this study was comparatively lower than conventional coal (about 35 MJ/kg) due to high ash and other inorganic residues contain in the biochar [18] .
C. FTIR Analysis
FTIR analysis shows that the functional group of PKC and WCC consisted of O-H stretching (~3400 cm -1 ), aliphatic C-H stretching (2970-2860 cm -1 ), C=O stretching (1750-1650 cm -1 , 1560-1510 cm -1 ), aromatic C=C stretching (~1600 cm -1 ) and C-H deformation (900-700 cm -1 ) [19] , [20] . The PKC and WCC spectrum showed a quite similar spectrum with raw PK and WC which is related to the low pyrolysis temperature (250 to 300 °C) of these samples during microwave pyrolysis. This finding is in agreement with previous finding [17] where the IR spectra of biochar obtained from pyrolysis of lignin at 250 to 300 °C showed no significantly different from the raw lignin. However, the intensity of some functional group of biochars such as hydrogen bonded O-H stretching, aliphatic C-H stretching and C-O stretching decreased with pyrolysis heating time due to the loss of phenolic or alcoholic group [17] .
The functional group of SWC was identified as corresponding to OH (~3400 cm -1 ) and aromatic C=C stretching (~1600 cm -1 ). As the heating time increased, low IR absorption was observed in SWC spectra. The low IR absorption of SWC might be due to high pyrolysis temperature of SW attributed to the loss of lignocellulosic group in the SWC. The IR spectra of SWC was similar to IR spectra of pine sawdust biochar, whereby no obvious IR absorption in the biochar was observed as the pyrolysis temperature increase from 400 to 600 °C [4] . The disappearance of the most bands of SWC suggested that the biochar was mainly aromatic polymer carbon atoms [20] .
D. SEM Analysis
The results of SEM analyses of PKC, WCC and SWC are shown in Figure 1 . SEM analysis of PKC showed that after microwave pyrolysis, the PK particle had softened, melted and large amount of micropores were observed in the biochar which is attributed to the evolution of volatile matter during pyrolysis process. In fact, the devolatilization process during pyrolysis gives rise to biochars with lower densities, higher porosities and improved pore structure [3] . As the heating time increased to 7 min, the structure changed where the micropores has reduced in quantity and subsequently absent after 10 min heating time.
SEM micrograph of WCC has obvious different structure compared to PKC. As can be seen, the pores size of WCC was larger than those of PKC, which might be due to different physical appearance and shape of the raw materials. By increasing microwave pyrolysis heating time, the pore size of the WCC decreased gradually and absent after 10 min heating time which indicates that the pores would shrink and close at longer heating time. Therefore, smooth morphology of WCC was observed at 10 min heating time. Surface morphology of biochar obtained from microwave pyrolysis of pine saw dust studied by Wang et al. [4] showed a similar result with the WCC morphology, where the deformation of the biochar and shrinkage of the surface pore size was observed with pyrolysis temperature (400 to 600 °C).
An obvious and drastic change of surface morphology of SWC can be observed, which can be related to the pyrolysis temperature at different heating time compared to PKC and WCC. After 4 min the surface morphology was then changed, with large internal cavities and a more open structure due to rapid devolatilization at higher temperature during pyrolysis [20] . Higher release of volatile matter was attributed to the lower densities, higher porosities and significantly different pore structure of biochar [21] . 
IV. CONCLUSION
Microwave pyrolysis has successfully converted the studied agricultural wastes into biochar in a rapid, low temperature carbonization via microwave pyrolysis. The characterization of the prepared biochar on calorific value, surface morphology and functional groups presence indicated the potential use of the biochar as fuel material and precursor for activated carbon. 
